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Abstract 
µ,WHUDWLYH3URSRUWLRQDO)LWWLQJ¶,3)LVDPDWKHPDWLFDOSURFHGXUHRULJLQDOO\GHYHORSHGWRFRPELQHWKH
information from two or more datasets. IPF is a well-established technique with the theoretical and 
practical considerations behind the method thoroughly explored and reported.  
 
In this paper the theory of IPF is investigated with a mathematical definition of the procedure and a 
review of the relevant literature given. So that IPF can be readily accessible to researchers the procedure 
KDVEHHQDXWRPDWHGLQ9LVXDO%DVLFDQGDGHVFULSWLRQRIWKHSURJUDPDQGDµ8VHU*XLGH¶DUHSURYLGHG 
 
IPF is employed in various disciplines but has been particularly useful in census-related analysis to 
provide updated population statistics and to estimate individual-level attribute characteristics. To 
illustrate the practical application of IPF various case studies are described. In the future, demand for 
individual-level data is thought likely to increase and it is believed that the IPF procedure and Visual 
Basic program have the potential to facilitate research in geography and other disciplines. 
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1.0 INTRODUCTION 
,Q6WDQ2SHQVKDZ¶Vµ&HQVXV8VHUV¶+DQGERRN¶3KLOLS5HHVJDYHDQDFFRXQWRIWKHLQIRUPDWLRQ
provided to researchers by the 1991 Census. He VXJJHVWHGWKDWµ,WHUDWLYH3URSRUWLRQDO)LWWLQJ¶,3)D
procedure originally developed to combine the information from two or more datasets (Bishop et al., 1975), 
could be used to produce estimates of populations for years between censuses. 
The application of IPF to update small area population estimates has proved useful to a local authority 
EHFDXVHSUHYLRXVUHOLDQFHRQGDWDDVLIWKHSRSXODWLRQKDGQRWFKDQJHGKDGµXQGHUPLQHGWKHFDVHIRU
JRYHUQPHQWLQYHVWPHQWLQUHJHQHUDWLRQVFKHPHV¶6LPSVRQ8, p. 62). Given the updated information, 
council departments such as social services, planning, and housing, as well as the health authority and police 
were then able to re-evaluate their levels of resource and service provision (Norman, 1997b). 
Many geographical analyses require large amounts of disaggregated data with detailed locational 
information for the observations. IPF can be used to integrate disaggregated data from one source with the 
aggregated data from another to estimate the characteristics of a population within given geographical units 
in a disaggregated format (Wong, 1992). For example, IPF has been used to estimate the distribution of 
conditional probabilities of household attributes at Enumeration District (ED) level by combining data from 
WKH&HQVXVµ6PDOO$UHD6WDWLVWLFV¶6$6DQGµ6DPSOHRI$QRQ\PLVHG5HFRUGV¶6$5V%DOODVet al., 1999). 
In 1987, Mark Birkin discussed the mathematics that underpin IPF, summarised the outcome of the 
procedure and described the structure and execution of a computer program to carry out IPF written in 
FORTRAN that was developed at the School of Geography, University of Leeds. So that IPF can be readily 
accessible to researchers, especially as the use of spreadsheets is widespread, the procedure has recently 
been programmed in Visual Basic. In this paper the theory of IPF will be reported through a definition of the 
procedure and a review of the relevant literature. The method of utilising the IPF Visual Basic programme 
will be described and examples of IPF applications will be given. 
 
2.0 IPF: THEORY 
2.1 Description of the Procedure 
µ,WHUDWLYH3URSRUWLRQDO)LWWLQJ¶,3)LVDPDWKHPDWLFDOVFDOLQJSURFHGXUHZKLFKFDQEHXVHGWRHQVXre that a 
two-dimensional table of data is adjusted so that its row and column totals agree with constraining row and 
column totals obtained from alternative sources. IPF acts as a weighting system whereby the original table 
values are gradually adjusted through repeated calculations to fit the row and column constraints. The 
UHVXOWDQWWDEOHRIGDWDLVDµMRLQWSUREDELOLW\GLVWULEXWLRQ¶RIµPD[LPXPOLNHOLKRRGHVWLPDWHV¶REWDLQHGZKHQ
the probabilities are convergent within an acceptable (pre-defined) limit (Birkin, 1987; Bishop et al., 1975). 
For example, Table 1 has initial population counts for marital status in various age-groups for 1957. These 
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counts have then been updated to 1958 by IPF to be consistent with age-group and marital status totals for 
that year. 
Table 1: Example of Using IPF 
1957 Estimates of Female Population (1,000s) in England and Wales 
 
Original Data Single Married Widowed/  
Age   Divorced 1957 Totals 
15-19 1306 83 0 1389 
20-24 619 765 3 1387 
25-29 263 1194 9 1466 
30-34 173 1372 28 1573 
35-39 171 1393 51 1615 
40-44 159 1372 81 1612 
45-49 208 1350 108 1666 
50+ 1116 4100 2329 7545 
1957 Totals 4015 11629 2609 18253 
     
1958 Estimates Produced using Iterative Proportional Fitting 
  
Data Amended Using IPF Single Married Widowed/  
Age   Divorced 1958 Totals 
15-19 1325.27 86.73 0.00 1412.00 
20-24 615.56 783.39 3.05 1402.00 
25-29 253.94 1187.18 8.88 1450.00 
30-34 165.13 1348.55 27.32 1541.00 
35-39 173.41 1454.71 52.87 1681.00 
40-44 147.21 1308.12 76.67 1532.00 
45-49 202.33 1352.28 107.40 1662.00 
50+ 1105.16 4181.04 2357.81 7644.00 
1958 Totals 3988.00 11702.00 2634.00 18324.00 
Source: Bishop et al. (1975, Table 3.6-1, p. 98). The 1957 data have been amended to be consistent with 
data relating to 1958 using the IPF Visual Basic program. 
2.2 Mathematical Procedure 
IPF was first proposed by Deming and Stephan (1940, cited by Fienberg, 1970; Bishop et al., 1975; and 
Wong, 1992) as a method for estimating cell probabilities in a contingency table based on observations 
subject to constraints from known and fixed marginal row and column totals. Fienberg (1970) has traced the 
subsequent development of the mathematical procedures involved in IPF (through Stephan, 1942; Deming, 
1943; Smith, 1947; El-Badry & Stephan, 1955; Brown, 1959; Friedlander, 1961; Bishop, 1967; Mosteller, 
1968; Fienberg, 1968; and Fienberg & Gilbert, 1970) and, along with his 1977 paper, Fienberg is invariably 
cited in the literature. 
The mathematical procedures involved in IPF have been widely explored and reported by Fienberg (1970 & 
1977), Bishop et al. (1975) Birkin (1987) and Birkin and Clarke M (1988a). Also, as Paul Williamson of the 
8QLYHUVLW\RI/LYHUSRROSRLQWHGRXWSHUVFRPµWKHEHVWPRVWXS-WRGDWHDQGLQIDFWRQO\µQRQ-
mathematicaO¶FULWLTXHRI,3)>LV@:RQJ¶VDUWLFOHLQWKH3URIHVVLRQDO*HRJUDSKHU¶. For a formal 
definition of IPF see Figure 1. 
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Figure 1: Mathematical Definition of IPF 
p  =  
p
 p
 *  Qij(k +  1) ij(k)
ij(k)
j
i¦   (1) 
p  =  
p
 p
 *  Qij(k +  2) ij(k +  1)
ij(k +  1)
i
j¦   (2) 
Where pij(k) is the matrix element in row i, column j and iteration k. Qi and Qj are the pre-defined row totals 
and column totals respectively. Equations (1) and (2) are employed iteratively to estimate new cell values 
and will theoretically stop at iteration m where: 
 p  =  Q    and    p  =  Qij(m) i ij(m) j
ij
¦¦  
Source: after Wong, 1992, pp. 340-341 
 
Noting that the procedure was originally developed for combining the information from two or more 
GDWDVHWV,3)¶VµFODVVLFDO¶XVHS%LVKRSet al. (1975) described in detail the calculation of µPD[LPXP
OLNHOLKRRGHVWLPDWHV¶E\,3)*LYHQNQRZQURZDQGFROXPQFRQVWUDLQWV,3)FDQDOVRHVWLPDWHWKHPD[LPXP
likelihood estimates of a two-dimensional matrix where the values are not known, if the initial table values 
are constant (e.g. all equal to onH8VLQJµFURVV-SURGXFWUDWLRV¶DQLPSRUWDQWSURSHUW\RI,3)LGHQWLILHGLV
the proof of the maintenance of interactions (or lack of them) in the initial values whilst the effects and 
interactions represented by the constraining values are fitted. The method prescribed by Bishop et al. (1975) 
can be used to check that the interaction pattern of the original table is preserved by examining the cross-
product ratios (see Figure 2). 
 
Figure 2: Calculating Cross-Product Ratios 
To calculate cross product ratios, with a cell layout referenced: 
 
the following formula can be used to calculate cross-product ratios: 
A1  B2
B1  A2
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Thus, the four cells in the top left-hand corner of the 1957 data in Table 1 give: 
(1,306)  (765)
(619)  (83)  =  19.45

  
and the equivalent cells in the 1958 data estimated using IPF give: 
(1,325.27)  (783.39)
(615.56)  (86.73)  =  19.45

  
Source: after Bishop et al. (1975, p. 98) 
 
Bishop et al. (1975, pp. 85-DOVRGLVFXVVHGWKHµFRQYHUJHQFHRIWKHSURFHGXUH¶DQGµVWRSSLQJUXOHV¶
Convergence is taken to have occurred and the procedure stops when no cell value would change in the next 
iteration by more than a pre-defined amount that obtains the desired accuracy. Convergence of the data will 
not occur if there are zero cells in the marginal row and column constraints, minus numbers in any of the 
GDWDRUDPLVPDWFKLQWKHWRWDOVRIWKHURZDQGFROXPQFRQVWUDLQWVµ7RRPDQ\¶]HURFHOOVLQWKHLQLWLDOPDWUL[
PD\SUHYHQWFRQYHUJHQFHWKURXJKDµSHUVLVWHQFHRI]HURV¶Sµ7RRPDQ\¶ZDVXQGHILQHGEXWLID
matrix contains evenly distributed zeros in more than 30% of the cells or are grouped closely together and 
comprise around 10% of the table, convergence may not occur. 
 
2.3 IPF Utility 
Birkin (1987 p. 2) identified the usefulness of micro-level population data in addressing aggregation 
SUREOHPVUHSRUWLQJWKDW,3)ZDVDQLPSRUWDQWµZHDSRQ«LQWKHPLFUR-VLPXODWLRQDUPRXU\¶FLWLQJ%LUNLQ	
&ODUNH0IRUDµGHIHQFHRIWKHPHWKRG¶%LUNLQDQG&ODUNH0ESEHOLHYHGWKDW,3)ZDV
robust, with maximum likelihood estimates produced for the data provided. A key feature noted was the 
DELOLW\WRµTXDQWLI\H[SOLFLWO\WKHLQWHU-GHSHQGHQFLHVEHWZHHQDYHU\ODUJHQXPEHURIDWWULEXWHV¶7KH
outcome of the IPF procedure retains all of the information included in the constraints and this may 
VXEVHTXHQWO\EHUHDJJUHJDWHG%LUNLQ%LUNLQDQG&ODUNH*SUHSRUWHGWKDWµQRHUURUVDUH
introduced by the IPF process (i.e. we can estimate a complete set of joint probabilities which is completely 
consisWHQWZLWKDOONQRZQFRQVWUDLQWV¶ 
In addition to the mathematical definition of IPF, Wong (1992) investigated the reliability of using the 
procedure. He suggested that if an original matrix is derived from a sample, it is only one of many possible 
matriceVRUUDQGRPVDPSOHVWKDWFRXOGEHH[WUDFWHGIURPWKHSRSXODWLRQ6LQFHWKHVDPSOH¶VGLVWULEXWLRQPD\
GHYLDWHIURPWKHµUHDO¶GLVWULEXWLRQUDQGRPHUURUPD\EHLQWURGXFHG,I,3)LVFDUULHGRXWRQDPDWUL[RI
sample observations to estimate the population, any random error will be propagated. Using sample 
populations from the Public-Use Microdata Sample (PUMS) and a statistical test of the total absolute error 
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(after Upton, 1985), the random error effect was found to be influenced by the size of both the sample and 
the matrix. Wong (1992) noted that increasing the sample size improved the accuracy of estimates derived 
using IPF, but that this gain was more significant for larger matrices. 
Wong (1992 p. 347) carried out a thorough evaluation of the factors which may affect the performance of the 
SURFHGXUHDQGKDVLGHQWLILHGWKHFRQGLWLRQVXQGHUZKLFK,3)SURGXFHVµDFFHSWDEOH¶HVWLPDWHV+HEHOLHYHG
the procedure to be a feasible technique to create spatially disaggregated datasets by combining locational 
informDWLRQIURPFHQVXVUHSRUWVZLWKRWKHUGLVDJJUHJDWHGGDWD,QKLVYLHZPRVWJHRJUDSKHUVµZLWKDIHZ
exceptions (e.g. Birkin & Clarke M, 1988a), have not recognised the utility and potential of IPF in 
generating individual level data from aggregated data foUVSDWLDODQDO\VLV¶S 
 
2.4 Applications 
The IPF procedure has been applied under several names in various fields, including statistics, demography, 
VSDWLDOLQWHUDFWLRQPRGHOOLQJµ&URVV-)UDWDU¶DQGµ)XUQHVV¶PHWKRGVLQWUDQVSRUWDWLRQHQJLQHHULQJDQGµ5$6¶
in economics (Wong, 1992 p. 340). Most relevant to census-based applications, the use of IPF in 
geographical research and modelling has been demonstrated by Birkin and Clarke M (1988a). 
Birkin and Clarke M (1988a) identified a deficiency of microlevel data regarding the characteristics of 
UHVLGHQWVRIVPDOOJHRJUDSKLFDODUHDV7KH\GHVFULEHGWKHGHYHORSPHQWRIµ6<17+(6,6¶DQXSGDWDEOH
micro-database generated using IPF and Monte Carlo sampling from a number of different aggregate 
tabulations including the 1981 Census and Family Expenditure Service. Birkin and Clarke M (1988b) 
applied this method to generate incomes for individuals differentiated in terms of age, sex, occupation, 
industry and locational characteristics. They noted that, whilst both IPF and Monte Carlo sampling were 
well-established techniques, there were few applications in the spatial sciences. 
$FNQRZOHGJLQJWKDWWKHµSOHDIRUPLFURGDWDKDVEHHQSDUWO\PHWE\WKHDJUHHPHQWWRSXEOLVKVDPSOHVRI
DQRQ\PLVHGUHFRUGV¶LQWKH&HQVXV, Birkin and Clarke G (1995 p. 364) believed there was still a lack of 
information for individuals or households. They reviewed microsimulation methods to synthesise census 
data including the use of IPF and described a method to estimate household water demand. Subsequently, in 
a collection of papers on microsimulation (Clarke G, 1996a) much of the same material was considered in 
greater depth (Clarke G, 1996b; Hooimeijer, 1996; Williamson et al., 1996). Ballas et al. (1999) are 
currently using IPF as part of their research into microsimulation methodologies for the estimation of 
household attributes (see Section 4.3). 
 
Rees (1994 & 1995) demonstrated a method for updating small area populations by adjusting age/sex census 
data to electors per ward using IPF. Similar in principle, 1996 ward age/sex/ethnicity population estimates 
were produced in Bradford using IPF to adjust local patient counts to ward-based electoral register data and 
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district-wide age-group information (see Section 4.1) (Norman, 1997a & 1997b; Simpson & Norman, 1997; 
Simpson, 1998). Research in Bradford also saw the estimation of Labour Force Forecasts by age, sex and 
ethnic group using IPF to fit 100% 1991 Census data for Bradford, the 2% SAR for West Yorkshire and full 
national information (Simpson, 1996). The work in Bradford used a macro written in Lotus 1-2-3 to carry 
out IPF (Norman, 1997a). 
 
2.5 Literature Summary 
It is interesting to note the geography of the literature summarised in Table 2. Work on the mathematical 
proof of IPF appears to have taken place in the USA, whereas for the majority of geography-related 
applications the researchers are located in Leeds and Bradford! 
 
Table 2: IPF Literature Summary 
Author Year Context/Application 5HVHDUFKHU¶V/RFDWLRQ 
Fienberg SE 1970 Mathematical exploration of IPF University of Chicago 
Bishop Y et al. 1975 Mathematical exploration of IPF Cambridge, Mass 
Fienberg SE 1977 Mathematical exploration of IPF University of Chicago 
Birkin M 1987 IPF programmed in FORTRAN University of Leeds 
Birkin M & Clarke M 1987 IPF used in microsimulation University of Leeds 
Birkin M & Clarke M 1988a IPF used in microsimulation University of Leeds 
Birkin M & Clarke M 1988b IPF used in microsimulation University of Leeds 
Wong D W S 1992 Mathematical exploration of IPF University of Connecticut 
Rees P 1994 IPF used in population estimates University of Leeds 
Birkin M & Clarke G 1995 IPF used in microsimulation University of Leeds 
Rees P 1995 IPF used in population estimates University of Leeds 
Hooimeijer P 1996 IPF used in microsimulation University of Utrecht 
Simpson S 1996 IPF used to combine data sources Bradford Council 
Williamson P et al. 1996 IPF used in microsimulation University of Leeds 
Clarke G P 1996a IPF used in microsimulation University of Leeds 
Clarke G P 1996b IPF used in microsimulation University of Leeds 
Simpson S & Norman P 1997 IPF used in population estimates Bradford Council 
Norman P 1997a IPF used in population estimates Bradford Council 
Norman P 1997b IPF used in population estimates University of Bradford 
Simpson S 1998 IPF used in population estimates Bradford Council 
Wilson T & Rees P 1998 IPF used in population estimates University of Leeds 
Norman P 1999 IPF programmed in Visual Basic University of Leeds 
Ballas et al. 1999 IPF used in microsimulation University of Leeds 
Norman P 1999 IPF used to estimate household size University of Leeds 
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3.0 IPF METHOD 
So that the procedure can be readily accessible to researchers, IPF has been programmed in Visual Basic for 
Applications (VBA) and a self-FRQWDLQHGµ8VHU*XLGH¶KDVEHHQZULWWHQVHHEHORZ7KHSURJUDPUXQVLQ
Excel 5.0 and above, on both PCs (Windows 3.1, 98 and NT) and Macs (System 7.0 or later) with minor 
variations in code depending on operating system and version of Excel. 
Essentially an automated spreadsheet, the VBA program is structured in four main sections (see Figure 3) 
that each comprise short sub-URXWLQHVµ6WDUW-8S¶LQFOXGHVLQWURGXFWRU\DQGSURJUDPSDUDPHWHUGLDORJXH
boxes as well as input datDHUURUFKHFNVDQGWKHRSSRUWXQLW\WRTXLWWKHSURJUDPµ:RUNVKHHW3UHSDUDWLRQ¶LQ
ZKLFKWKHVL]HRIWKHLQSXWGDWDLVGHWHUPLQHGDXWRPDWLFDOO\DQGWKHVSUHDGVKHHWIRUPXODHDUHVHWXSµ,3)¶LV
carried out on the data until the stopping rules are satisfied DQGµ&ORVH'RZQ¶ZKHQWKHDPHQGHGGDWDDUH
transferred to a results worksheet with a summary of the IPF procedure and the program quits. 
 
Figure 3: IPF Visual Basic Program Structure 
 
  
 
 Start Up 
,QWURGXFWRU\'LDORJXH%R[HV 
3URJUDPPH3DUDPHWHU'LDORJXH%R[HV 
,QSXW'DWD(UURU&KHFNV 
Worksheet Preparation 
$XWR-Sizes Tables 
6HWV8S)RUPXODH 
$FFHVVHV,QSXW'DWD 
Close Down 
7UDQVIHUV$PHQGHG'DWD 
&OHDQV8S 
3URJUDPPH4XLWV 
Iterative Proportional Fitting 
'HWHUPLQHV2UGHURI,WHUDWLRQV 
,WHUDWHVXQWLO&RQYHUJHQFH6WDWLVWLF$FKLHYHG
or Maximum Iterations Reached 
Early Quit 
(UURUVLQ'DWD,GHQWLILHG 
(UURU0HVVDJHV3RVWHG 
3URJUDPPH4XLWV 
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IPF: VISUAL BASIC PROGRAM USER GUIDE 
N.B. THE VBA PROGRAMME AND USER INSTRUCTIONS HAVE BEEN UPDATE. EMAIL 
P.D.NORMAN@LEEDS.AC.UK FOR THE VBA PROGRAMME AND INSTRUCTIONS 
Iterative Proportional Fitting (IPF) 
 IPF is a mathematical procedure originally developed to combine the information from two or more 
datasets that can be used when the values in a table of data are inconsistent with row and column totals 
obtained from other sources. Acting as a weighting system, the values within the table are gradually 
adjusted to fit the fixed, constraining row and column totals. This occurs through repeated calculations 
when the figures within the table are alternatively compared with the row and column totals and adjusted 
proportionately each time with IPF keeping the cross-product ratios constant so that interactions are 
maintained. 
 As the iterations potentially continue ad infinitum Dµ&RQYHUJHQFH6WDWLVWLF¶LVVHWDVDFXW-off point when 
the fit of the datasets is considered close enough. The iterations continue until no value would change by 
more than the specified amount. 
 An example of IPF and a mathematical definition are given by Philip Rees (1994), the mathematics are 
discussed in greater depth by Stephen Fienberg (1970) and the procedure is reviewed in an accessible 
manner by David Wong (1992). Practical uses of IPF have been reported by Paul Norman (1997a), Ludi 
Simpson (1996 & 1998) and Dimitris Ballas, Graham Clarke and Ian Turton (1999). 
Program Instruction Summary 
a) Open an Excel workbook and VDYHLWDVµLSIGDWD[OV¶ 
b) 2QDZRUNVKHHWLQVHUWWKHRULJLQDOGDWDDQGQDPHWKHUDQJHVµWDEOH¶µURZV¶DQGµFROV¶ 
c) :LWKLSIGDWD[OVVWLOORSHQRSHQµLSISURJ[OV¶WRUXQWKHSURJUDP 
d) 6DYHWKHDPHQGHGGDWDWKDWKDVEHHQDGGHGWRDQHZZRUNVKHHWLQµLSIGDWD[OV¶ 
 
Detailed Instructions 
 7KHGDWDWREHXVHGE\WKH,3)SURJUDPPXVWEHHQWHUHGLQWRDQ([FHOZRUNERRNQDPHGµLSIGDWD[OV¶
Data can be real numbers, probabilities or percentages, but the row and column constraints must be 
consistent. Within the limitations of Excel spreadsheets the data may be of any size. 
 7KHGDWDQHHGWREHQDPHGDVWKHUDQJHVµWDEOH¶µURZV¶DQGµFROV¶7RDFKLHYHWKLVVKDGHWKHGDWDXVLQJ
WKHPRXVHDQGHQWHUWKHQDPHLQWKHµ1DPH%R[¶DQGSUHVVWKHµHQWHU¶NH\RUXVHWKHµ,QVHUW¶PHQXWKHQ
µ1DPH¶DQGµ'HILQH¶IRUDVVLVWDQFHVHHEHORZRUXVH([FHO¶V+HOSVHDUFKIRUµQDPLQJFHOOVLQD
ZRUNERRN¶ 
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 :LWKWKHLSIGDWD[OVILOHVWLOORSHQRSHQWKH([FHOILOHµLSISURJ[OV¶WRUXQWKH,3)SURJUDP&OLFNRQ
µHQDEOHPDFURV¶([FHODQGRQO\DQGWKHIROORZLQJGLDORJXHER[DSSHDUV 
 
 &OLFNRQµ2.¶WRFRQWLQXHWKHSURJUDPRUµ$ERXW,3)¶WRGLVSOD\IXUWKHUGLDORJXHER[HVZKLFKFRQWDLQ
text similar to this guide). 
 A dialogue box is then displayed so that values for the maximum number of iterations and the 
convergence statistic may be set (default values 100 and 0.0005 respectively): 
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 The program checks for errors in the input data that would prevent the calculation from being carried out 
successfully. If errors are identified the user is informed of their nature and may leave the program to 
make amendments. 
 Error checks include:- 
a) The named ranges table, rows and cols are available 
b) The sum of rows equals the sum of cols (to within 0.0000000001) 
c) The table is equivalent in size to the rows and cols 
d) There are no blank cells in the table, rows or cols 
e) There are no zero cells in the rows or cols 
f) There is no text in the table, rows or cols (blank cells may be interpreted as text) 
g) There are no minus numbers in the table, rows or cols 
 ,IQRHUURUVDUHIRXQGWKHSURJUDPXSORDGVWKHQDPHGUDQJHVDQGWKH,3)SURFHGXUHLVFDUULHGRXW([FHO¶V
µ6WDWXV%DU¶ZLOOLQGLFDWHWKHRSHUDWLRQWKDWLVEHLQJFDUULHGRXW 
 The IPF program ends when either the convergence statistic is achieved or the maximum number of 
iterations is reached. 
 $ZRUNVKHHWLVDGGHGWRWKHµLSIGDWD[OV¶ILOHFRQWDLQLQJWKHDPHQGHGGDWDDQGDVXPPDU\RIWKH,3)
operation including the number of iterations that occurred and the convergence statistic set. 
 
This working paper has been superseded by the following Open Access paper to which readers should refer: 
/RPD[1	1RUPDQ3(VWLPDWLQJSRSXODWLRQDWWULEXWHYDOXHVLQDWDEOHµJHWPHVWDUWHGLQ¶,WHUDWLYH3URSRUWLRQDO
Fitting (IPF) Professional Geographer DOI: 10.1080/00330124.2015.1099449 
 
 11 
4.0 IPF: EXAMPLES 
Three case studies will be reviewed that have each utilised the IPF procedure. The first is the methodology 
used to update 1991 ward populations in Bradford to 1996, the mid-census year. Related to this, the second 
is an estimation of household overcrowding for 1996 in Bradford and the third is a method of estimating the 
head of household attributes age, sex and marital and employment status for EDs in Leeds. Since only an 
outline of each application and methodology is given, researchers are encouraged to pursue the references at 
the end of each section and/or to contact the authors. 
4.1 1996 Ward Population Estimates Using IPF 
Users of population statistics in Bradford including various council departments, the health authority and the 
police service indicated that their quality of service and resource planning would benefit from population 
estimates updated from 1991 Census data for geographical areas smaller than the Metropolitan District. 
In addition to the 1991 Census, three main sources of data were used: the Bradford District Population 
Forecast, the Electoral Register and the Family Health Service Authority (FHSA) Patient Register. 
'HYHORSHGE\%UDGIRUG&RXQFLO¶V5HVHDUFK6HFWLRQWZRPHWKRGVZHUHGHYLVHGWRIXOO\XWLOLVHWKH
information that each data source included. Mid-year 1996, ward-based age/sex/ethnic group population 
estimates were an average of these. 
4.1.1 Method A: Estimate Based on the Patient Count, Electoral Register and District Forecast 
The principle was to take the Patient Register, a detailed dynamic record of population that suffers from 
some inaccuracy, and use IPF to scale it to fit with more reliable, but less detailed, evidence from the District 
)RUHFDVWDQG(OHFWRUDO5HJLVWHU7KHµWDEOH¶RIGDWDIRUWKH,3)SURFHGXUHZDVSURYLGHGE\DQDQRQ\PLVHG
Patient Register categorised by age, sex and broad ethnic group (South Asian and Non-South Asian) and 
allocated to a ward using postcodes. 
7KHFROXPQVµFROV¶FRQVWUDLQWZDVDJH-group totals (quinquennial with extra divisions at 15, 16 & 17 to 
DOORZVXEVHTXHQWDJJUHJDWLRQYHUVDWLOLW\E\VH[DQGHWKQLFJURXSIURPWKH&RXQFLO¶V'LVWULFW)RUHFDVW for 
8VLQJWKH&HQVXVDVLWVEDVHSRSXODWLRQWKH)RUHFDVWZDVFDOFXODWHGE\µFRKRUWVXUYLYDO¶PHWKRG
taking into account births, deaths and recorded migration and including assumptions about trends in fertility, 
mortality and migration for the most recent and future years (Simpson, 1994 & 1995). 
7KHµURZV¶FRQVWUDLQWZDVSURYLGHGE\WKH(OHFWRUDO5HJLVWHU(5$GXOWZDUGOHYHOWRWDOVFDQEHHVWLPDWHG
by aggregating postcoded individual data into wards in broad age bands (18-69 and 70+) and ethnic groups 
(South Asian and Non-South Asian) after allowances for time (a weighted average of the 1995 and 1996 
ERs) and incompleteness (scaling for non-registration and ineligibility). Under 18 ward totals were 
estimated by scaling the patient count of children by the ratio of the adult patient count to the ER-based adult 
ZDUGWRWDOV7KHµWDEOH¶RISDWLHQWFRXQWVZDVWKHQFRQVWUDLQHGWRWKH'LVWULFWµFROV¶WRWDOVDQGWKH(5-derived 
ZDUGµURZV¶WRWDOVXVLQJ,3)VHH)LJXUH 
This working paper has been superseded by the following Open Access paper to which readers should refer: 
/RPD[1	1RUPDQ3(VWLPDWLQJSRSXODWLRQDWWULEXWHYDOXHVLQDWDEOHµJHWPHVWDUWHGLQ¶,WHUDWLYH3URSRUWLRQDO
Fitting (IPF) Professional Geographer DOI: 10.1080/00330124.2015.1099449 
 
 12 
Figure 4: 1996 Ward Population Estimates in Bradford using IPF 
 
 
 
 
 
 Male Non-Sth Asians  Female Non-Sth Asians   Ward 
Wards 70-74 75-79 80-84 85+ 70-74 75-79 80-84 85+  Totals 
Baildon 310 206 100 54 438 318 256 282  1,966 
Bingley 247 181 127 67 330 262 247 272  1,733 
Bingley 
Rural 
234 172 115 54 355 279 246 222  1,677 
etc. etc. etc. etc. etc. etc. etc. etc. etc.  etc. 
University 144 100 66 40 154 134 101 87  826 
Wibsey 254 166 93 34 322 238 175 147  1,430 
Worth 
Valley 
253 138 88 47 305 242 215 180  1,469 
Wyke 248 159 84 40 334 259 204 189  1,516 
           
District 7,667 4,805 2,975 1,609 10,014 7,702 6,598 6,697  10,616 
Age Groups           
 
 
 
 
µWDEOH¶UDQJH 
Method A: Ward level age/sex/ethnicity counts 
obtained from the Patient register 
Method B: Ward level age/sex/ethnicity counts 
based on the 1991 Census age structure 
µFROV¶UDQJH 
District level age/sex/ethnicity counts 
REWDLQHGIURPWKH&RXQFLO¶VIRUHFDVW 
µURZV¶UDQJH 
Ward level broad 
age/ethnicity totals 
obtained from the 
Electoral Register 
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4.1.2 Method B: Estimate Based on the 1991 Census Age Structure, 1996 Electorate and District 
Forecast 
7KHµURZV¶DQGµFROV¶FRQVWUDLQWVZHUHWKHVDPHDVLQ0HWKRG$EXWIRU0HWKRG%WKHµWDEOH¶ZDVEDVHGRQ
the 1991 Census age structure. After allowances for student residence and undercount (Simpson, 1993), 
1991 Census data were used as a base population. For recent births, those aged 0-4 in the Census data were 
replaced with counts from the Patient Register. Those aged 5-39 were taken as the same as in 1991 (on the 
assumption that young communities tend to remain fairly static). To allow for older communities ageing in 
situ, those aged 40+ were replaced by the 1991 count of persons aged five years younger. The 1991 Census-
EDVHGµWDEOH¶ZDVDGMXVWHGE\,3)WRWKH'LVWUict age-JURXSµFROV¶DQG(5-EDVHGZDUGµURZV¶WRWDOV 
To lessen the impact of large errors in any one data source, Methods A and B were averaged and 
disseminated for males and females aggregated into seven broad age bands and the two ethnic groups. All 
figures were rounded to the nearest ten persons. 
For further details on the above methodology see Norman (1997a & b), Simpson and Norman (1997) and 
Simpson (1998). 
4.2 Estimating Household Overcrowding for an Intercensal Year 
The aim was to estimate household overcrowding in Bradford Metropolitan District for 1996, the mid point 
between the decennial censuses, using evidence relevant to that year. The principle was to take the number 
of persons per room as indicated by the 1991 Census and bring forward this information using IPF to fit 
1996 ward-level populations whilst taking into account the number of new houses built in Bradford between 
1991 and 1996. The output of the IPF model would be an estimate of the number of households in each 
persons per room category for 1996. 
The 1991 Census persons per room information from Local Based Statistics (LBS) table L23 was used to 
provide a table of data to be updated. The persons per room categories were scaled by the percentage change 
in each ward population between 1991 and 1996 as indicated by Bradford Council's mid-year 1996 ward 
population estimates (see Section 4.1). This represented the effect of ward-specific changes in pressure on 
housing through the increase or decrease in population and provided interaction data for the relationships 
between wards. The housing completions in each ward between 1991 and 1996 (Walton, 1999) were added 
to the number of households as shown by the 1991 Census in LBS L23. The total number of households in 
Bradford District for 1996 was divided into the four persons per room categories in the same proportions as 
indicated for the District as a whole by table L23. 
To estimate levels of household overcrowding for 1996 various assumptions were made: all new houses 
were occupied; the same ratio of 1991 residents in households to persons in institutions existed in 1996 and; 
the same proportions of each 1991 Census persons per room category existed across the District as a whole 
in 1996. 
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Prior to running the IPF program the data were entered into an Excel worksheet in a workbook named 
'ipfdata.xls'. As the Visual Basic program accesses data in named 'ranges' the ward-specific persons per room 
data were defined as a range called 'table', the constraining ward household totals as the range 'rows' and the 
District proportions of persons per room categories as the range 'cols' (see Figure 5). The IPF Visual Basic 
program was run and numbers of overcrowded and severely overcrowded households were calculated from 
the output and expressed as percentages of the 1996 number of households. 
Figure 5: 1996 Household Overcrowding Estimates in Bradford using IPF 
      % Housing 
Wards Up to 0.5 ppr 0.5 -1 ppr 1 - 1.5 ppr Over 1.5 ppr  per Ward 
Baildon 4275.38 2003.13 43.83 12.23  3.59% 
Bingley 3890.99 1547.45 61.00 10.17  3.11% 
Bingley Rural 3837.94 2125.89 78.92 5.06  3.45% 
etc. etc. etc. etc. etc.  etc. 
University 2539.68 2506.42 695.27 311.16  3.23% 
Wibsey 3034.68 2083.88 111.34 14.78  3.03% 
Worth Valley 3594.67 1968.83 73.72 6.14  3.15% 
Wyke 3579.96 2543.88 131.78 8.59  3.73% 
       
District %  60.28% 35.82% 3.07% 0.82%  100.00% 
Overcrowding       
 
 
 
Whilst it was believed there was an inherent logic in a method that used location-specific data about 
changes in population and housing stock to estimate their effect on levels of household overcrowding, a 
criticism of the approach could be that, although the housing completions were direct evidence of 
change, the method used 1996 populations that were themselves estimated (albeit from 1996 evidence) 
increasing any uncertainties. More fundamentally, the assumption that the same proportions of each 1991 
census persons per room category existed across the District as a whole in 1996 may not be true. Ideally 
the columns constraint should have contained direct evidence relating to 1996. 
For further details about the above methodology see Norman (1999) or contact the author at the School of 
Geography, University of Leeds. 
µWDEOH¶UDQJH 
1991 persons per room data scaled by 1991-96 
ward population changes to be adjusted by IPF 
to be consistent with the row and column totals 
µFROV¶UDQJH 
Constraining column totals of District-wide 
1991 proportions of persons per room 
 
µURZV¶UDQJH 
Constraining row 
totals of 1996 
households per ward 
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4.3 Exploring Microsimulation Methodologies for the Estimation of Household Attributes 
Microsimulation methodologies aim to build large-scale datasets based on the attributes of individual 
persons, households, firms or organisations. As a result, through the simulation of economic, demographic 
and social processes, the policy impact on micro-units can be analysed (Orcutt et al., 1986; Birkin & Clarke 
G, 1995; Clarke, 1996). 
In the context of using microsimulation techniques to build population microdata sets for small geographical 
areas, Ballas et al. (1999) are currently exploring various methodologies for the estimation of household 
attributes. Relevant to IPF, the first stage of the microsimulation process is to estimate attribute conditional 
probabilities which are then used in the second stage, when detailed micro-level populations are created. 
Acknowledging that there are several ways to compute conditional probabilities for spatial microsimulation 
modelling (including linear programming models, discrete choice models and balancing factors in spatial 
interaction models), Ballas et al. (1999) have used the IPF VBA program to estimate the joint probability 
distribution for the following head of household attributes: Age, Sex, Marital Status and Employment Status. 
The probabilities for economic activity and employment status were derived using data from the 1991 
Census SAS Table 8. From SAS Table 39, probabilities of the head of household being male or female and 
married or single-widowed-divorced (SWD) conditional upon age and location at ED level were calculated 
(see Table 3). 
Table 3: Probability Rates for an ED Beeston, a Ward in Leeds 
1991 Census SAS  Table S08 
    
Employment Economically Employee Self- On Gov. Un- 
Status Active  Employed Scheme Employed 
Male Aged 16±29 0.054054 0.689189 0.027027 0.027027 0.202703 
      
1991 Census SAS  Table S39 
    
Marital Status SWD Married    
Males Aged 16±29 0.825 0.175    
 
With the initial matrix values set to one (since the original distribution was unknown and there were no 
interactions to maintain), IPF was used to estimate the joint probability distribution by adjusting the matrix 
so that its row and column sums match the row and column constraints (see Table 4). In this way, IPF can be 
applied to combinations of data from more SAS tables to estimate joint probability distributions for a larger 
number of household attributes and for all EDs in an area. 
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Table 4: Matrix and Constraints for Beeston, Before and After IPF 
Household Economically Employee Self- On Gov. Un- Row 
Attributes Active  Employed Scheme Employed Constraint 
SWD 1.000000 1.000000 1.000000 1.000000 1.000000 0.825000 
Married 1.000000 1.000000 1.000000 1.000000 1.000000 0.175000 
Column Constraint 0.054054 0.689189 0.027027 0.027027 0.202703   
       
Household Economically Employee Self- On Gov. Un- Row 
Attributes Active  Employed Scheme Employed Constraint 
SWD 0.044595 0.568581 0.022297 0.022297 0.167230 0.825000 
Married 0.009459 0.120608 0.004730 0.004730 0.035473 0.175000 
Column Constraint 0.054054 0.689189 0.027027 0.027027 0.202703   
 
Ballas et al. (1999) also used IPF to create spatially disaggregated conditional probability distributions by 
combining data from the SAS and the SARs. The data used refer to the employment status of a subset of the 
population who are male, head of household, SWD and aged 16-19 years. The row constraints were derived 
from the SARs and depict the employment status percentages of this population subset for Leeds 
Metropolitan District as a whole. The column constraints are derived from the SAS depicting the 
SHUFHQWDJHVRIWKHVXEVHWIRUHDFK('LQ/HHGV7KHFHOOVLQWKHWDEOHFRQWDLQWKHVXEVHW¶VHPSOR\PHQWVWDWXV
probability distribution with data for each ED from the SAS with their relative weights reflecting the 
interactions (see Table 5). 
Table 5: SAS and SAR-Based Probability Matrix and Constraints 
Household Economically Employee Self- On Gov. Un- SAS Row 
Attributes/ED Active  Employed Scheme Employed Constraint 
DAFA01 0.40000 0.00000 0.00000 0.000000 0.600000 0.014621 
DAFA02 0.47368 0.00000 0.00000 0.000000 0.526315 0.058484 
DAFA03 0.63636 0.00000 0.00000 0.090909 0.272727 0.043863 
DAFA04 0.61538 0.00000 0.00000 0.076923 0.307692 0.058484 
DAFA05 0.22220 0.00000 0.11111 0.000000 0.666667 0.021931 
DAFA06 0.34375 0.00000 0.00000 0.03125 0.625000 0.007310 
etc. etc. etc. etc. etc. etc. etc. 
DAGK45 0.90909 0.00000 0.00000 0.000000 0.909090 0.014621 
SARs Column       
Constraint 63.0541 9.11330 0.985222 13.38259 13.46470   
 
IPF can be applied to the matrix so that its row and column totals will be equal to the row and column 
constraints and with the original cell interactions maintained. The result is a joint probability distribution for 
the head of household characteristics: Age, Sex, Marital Status, Employment Status and Location (ED). 
Based on this set of probabilities, the second stage of the microsimulation procedure, using Monte Carlo 
simulation to create a sample of individuals, can then proceed. 
For more details of this ongoing work, see Ballas et al. (1999), or contact the authors at the School of 
Geography, University of Leeds. 
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5.0 CONCLUSIONS 
Iterative Proportional Fitting is a well-established technique with the theoretical and practical considerations 
behind the method thoroughly explored and reported. The procedure is employed in various disciplines but 
has been shown to be particularly useful in practical applications to provide updated population statistics and 
to estimate individual-level attribute characteristics. Analyses based on spatially aggregated data have been 
FULWLFLVHGIRUOHDGLQJWRHFRORJLFDOIDOODFLHVDQGUHVHDUFKLQWRWKHµPRGLILDEOHDUHDOXQLWSUREOHP¶0$83
has demonstrated that using areal data for drawing statistical inference is not appropriate (Openshaw, 1984; 
Fotheringham & Wong, 1991; Wong, 1992). Analyses using individual level data about persons or 
KRXVHKROGVIRUVPDOODUHDOXQLWVVXFKDVFHQVXV('VµFDQ\LHOGPRUHFRQVHUYDWLYHUHVXOWV,3)LVDSURFHGXUH
that cDQEHXVHGWRSURGXFHWKLVGLVDJJUHJDWHGGDWD¶:RQJS 
To use IPF, it is fundamental to think through the implications of combining the information in the datasets. 
It is necessary to include the maximum amount of information in the constraints and to organise the data into 
WKHQHFHVVDU\µWDEOH¶µURZV¶DQGµFROV¶UDQJHVSULRUWRUXQQLQJWKH9%$SURJUDP7KHPDUJLQDOFRQVWUDLQWV
for IPF can be real numbers or a set of probabilities, but the input data must be consistent (Birkin, 1987). 
'HVSLWHWKHSURJUDP¶VGDWDHUURUFKHFNVDV%LUNLQSQRWHGµWKHUHLVQRVXEVWLWXWHIRUFDUHIXO
FKHFNLQJRIGDWDDWWKHLQSXWVWDJH¶ 
2SHQVKDZDQG&ODUNHSUHSRUWHGµDQLQYHUVHUHODWLRQVKLSEHWZHHQWKHGHJUHHRIPDWKHPDWLFDO
comple[LW\SUHVHQWLQDVSDWLDODQDO\VLVPHWKRGDQGWKHDVVRFLDWHGOHYHORIDSSOLHGJHRJUDSKLFDOXVHIXOQHVV¶
Statistical and GIS packages tend to hide the underlying complexity thereby enabling their use by non-
specialists but not necessarily guaranteeing sensible analyses or meaningful results. The IPF Visual Basic 
program is intended to be very easy to use and it is not necessary to fully understand how the mathematics of 
WKH,3)SURFHGXUHZRUNV6LPLODUWR%LUNLQ¶VYLHZLWLVSRVVLEOHWRWUHDWWKHSURJUDPDVDµEODFNER[¶
by inputting a set of marginal constraints and obtaining a full, fitted, joint distribution. The skill is in the 
choice of data, data preparation and the interpretation of the program output. 
Wong (1992) believed that the demand for individual-level data will increase in the future and that IPF has 
WKHFDSDELOLW\WRJHQHUDWHGLVDJJUHJDWHGGDWDWRPHHWWKHGHPDQG+HFRQFOXGHGWKDWWKHµ,3)SURFHGXUHKDV
LPPHQVHSRWHQWLDOWRIDFLOLWDWHUHVHDUFKLQJHRJUDSK\DQGRWKHUGLVFLSOLQHV¶S8). Hopefully, the IPF 
procedure programmed in Visual Basic can make a valuable contribution. 
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